The study aimed to evaluate the relationship between plasma asymmetric dimethylarginine (ADMA) concentration and development of left ventricular diastolic dysfunction (LVDD) in patients with essential hypertension (EH). Moreover, an attempt was made to define independent risk factors of LVDD in patients with EH. Material and methods: A group of 106 individuals with EH was obtained (mean age: 47.18 ±11.76 years). Two groups of patients were distinguished: group I -individuals with EH with LVDD (n = 57); group II -persons with EH without LVDD (n = 49). Echocardiographic examination was conducted by the transthoracic technique. High-performance liquid chromatography was used to measure dimethylarginine concentrations. Results: In the group suffering from EH with LVDD, mean ADMA concentration was significantly higher and the ratio of arginine to ADMA was significantly lower than in patients with EH without LVDD. No significant differences were detected between mean concentrations of plasma symmetric dimethylarginine concentration (SDMA) and arginine or in arginine/SDMA ratios in the studied groups. Independent factors of LVDD risk in the study group included higher plasma ADMA concentration, higher serum low-density lipoprotein (LDL) concentration, higher values of body mass index (BMI), higher values of left ventricular mass index (LVMI) and higher values of mean blood pressure (mBP) (OR ADMA = 1.731; OR LDL = 1.188; OR BMI = 1.056; OR LVMI = 1.062; OR mBP = 1.014; p < 0.05).
Introduction
Untreated essential hypertension results in several complications, related first of all to the heart (hypertrophy of the left ventricle, atrial fibrillation, ischaemic heart disease, acute coronary syndromes, left ventricular diastolic dysfunction, heart failure), blood vessels (dysfunction of endothelium, atherosclerosis, aortal aneurism), central nervous system (haemorrhagic and ischaemic strokes, vascular dementia, retinopathy) and kidneys (albuminuria, proteinuria, chronic renal insufficiency) [1, 2] .
Left ventricular diastolic dysfunction is thought to represent a relatively early complication of essential hypertension [3, 4] . Echocardiographic verification of left ventricular diastolic dysfunction, even if it seems to be a relatively simple and accessible method, nevertheless allows one to establish the diagnosis when myocardial injury is relatively well advanced [5] . Looking at the epidemiological aspect of the problem and the positive effect of undertaking early treatment on the subsequent prognosis, it seems indispensable to detect early risk factors of developing left ventricular diastolic dysfunction and to look for markers that manifest the strongest possible correlation with development of the pathology in the future.
Our previous pilot study showed the relation between left ventricular diastolic dysfunction and endothelial dysfunction, assessed by flow-mediated vasodilatation [6] . At present, asymmetric dimethylarginine (ADMA) represents a recognised marker of endothelial dysfunction [7] [8] [9] . Asymmetric dimethylarginine represents an endogenous, competitive inhibitor of endothelial nitric oxide synthase (eNOS). Asymmetric dimethylarginine is generated as a result of hydrolysis of proteins rich in methylated arginine residues, mainly of histones. Methylation of arginine in proteins is catalysed by the enzyme protein methyltransferase (PRMT). Activity of PRMT type I results in formation of ADMA, while activities of PRMT types II and VII provide symmetric dimethylarginine (SDMA). Symmetric dimethylarginine is unable to inhibit activity of nitrogen oxide synthase [10] .
The study aimed to evaluate the relationship between plasma ADMA concentration and development of left ventricular diastolic dysfunction and its echocardiographic types in patients with essential hypertension diagnosed within the last 5 years. Moreover, an attempt was made to define independent risk factors of left ventricular diastolic dysfunction in patients with essential hypertension.
Material and methods

Studied population
The study was performed on 147 consecutive patients. The patient inclusion criteria were age between 18 and 65 years old and diagnosis of essential hypertension within the last 5 years. The following exclusion criteria were adopted (in brackets the number of patients excluded due to a specific criterion is given): diagnosed secondary arterial hypertension (14 patients); diagnosed and pharmacologically treated diabetes mellitus (8) , ischaemic heart disease (16), hypercholesterolaemia (14) and hypertriglyceridaemia (18) . The criteria resulted in exclusion of 41 patients. As a result a group of 106 individuals with essential hypertension was obtained, in whom pharmacotherapy was implemented (mean age of patients: 47.18 ±11.76 years). Employing the criterion of left ventricular diastolic dysfunction, two groups of patients were distinguished: group I -individuals with essential hypertension with left ventricular diastolic dysfunction (n = 57); and group II -persons with essential hypertension without left ventricular diastolic dysfunction (n = 49). Clinical characteristics together with characteristics of treatment of essential hypertension are presented in Table I . At the subsequent stage of the study, the criterion of left ventricular diastolic dysfunction permitted us to distinguish 3 subgroups within group I: subgroup IA of patients with essential hypertension with left ventricular diastolic dysfunction of impaired left ventricular relaxation (n = 36), subgroup IB of patients with essential hypertension with left ventricular diastolic dysfunction manifesting pseudonormalisation of left ventricular filling (n = 17), and subgroup IC of patients with essential hypertension with left ventricular diastolic dysfunction of restrictive filling pattern (n = 4).
Basic and asymmetric dimethylarginine measurements
Written informed consent was obtained from all persons taking part in the study. The study was approved by the Local Ethics Committee. In each of the examined subjects, basic anthropometric data were collected, as well as arterial blood pressure measurements with application of the Korotkov method. Also blood samples were taken to determine serum lipid profile. High-performance liquid chromatography (HPLC) was used to measure plasma arginine, ADMA and SDMA concentrations with ortho-phthalaldehyde for fluorescence determination; it was performed on the system equipped with a fluorescence detector for excitation at 340 nm and emission at 455 nm [11, 12] .
Echocardiography
Echocardiographic examination was conducted by the transthoracic technique, employing the ProSound Alpha 10 system (Aloka Inc, Tokyo, Japan) using the 3.5/2.7 MHz transducer. The patients were studied with two-dimensional guided M-mode echocardiography in parasternal long axis view, and left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic diameter (LVESD), inter-ventricular septum end-diastolic diameter (IVSEDD) and posterior wall end-diastolic diameter (PWEDD) were measured, according to the Penn convention. Measurements of the left atrium (LA) were also taken in parasternal long axis view. In the assessment, mean values of three cardiac cycles were taken. Left ventricular mass (LVM) was determined by means of a formula suggested by the American Society of Echocardiography (ASE) modified by Devereux: LVM = 0. mitral flow velocity profiles and the determination of left atrial volume index (LAVI) and left ventricular mass index (LVMI) were used. Left ventricular diastolic dysfunction was then diagnosed when E/A < 0.5 and, simultaneously, deceleration time (DT) > 280 ms or when LAVI > 40 ml/m 2 or LVMI > 122 g/m 2 in women and > 149 g/m 2 in men [13] . Types of left ventricular diastolic dysfunction were diagnosed using the criteria presented below. Impaired left ventricular relaxation was diagnosed in patients < 50 years when IVRT > 100 ms or DT > 220 ms or E/A < 1, and in patients ≥ 50 years old when IVRT > 105 ms or DT > 280 ms or E/A < 0.8. Pseudonormalisation of left ventricular filling was diagnosed in patients < 50 years when DT = 160-220 ms and IVRT = 70-100 ms and E/A = 1.0-1.5, and in patients ≥ 50 years old when DT = 160-280 ms and IVRT = 70-105 ms and E/A = 0.8-1.5. Restrictive filling pattern was diagnosed when DT < 160 ms and IVRT < 70 ms and E/A > 1.5 [14] .
Statistical analysis
Statistical analysis was conducted using Statistica 9 software (StatSoft Polska). For quantitative variables arithmetic means (x) and standard deviations (SD) of measured parameters were calculated in the studied groups. Distribution of the variables in the groups was tested using the Lilliefors test and Shapiro-Wilk W-test. In cases of independent quantitative variables with a normal distribution the statistical analysis used the t test for independent variables or one-factor analysis of variance (ANOVA). Homogeneity of variance was tested using tests of Levene and Brown-Forsyth. In cases when variance was non-homogeneous, comparisons of significance of differences between mean values in two groups used the t test with independent estimation of variance while in cases of three or more groups the Kruskal-Wallis ANOVA test was used. In cases of variables manifesting a non-normal distribution, for independent quantitative variables the Mann-Whitney U test was used or the non-parametric equivalent of analysis of variance, the Kruskal-Wallis ANOVA test. Significant differences between arithmetic means were estimated using the Newman-Keuls post-hoc test. Results for qualitative variables were expressed in percentages. For independent qualitative variables the subsequent statistical analysis employed the c 2 test. Relationships between studied variables were tested using regression analysis. In cases of quantitative variables with a normal distribution, Pearson's correlation coefficient r was estimated, and in cases of quantitative variables with a non-normal distribution, Spearman's coefficient r was calculated. Parameters of the model obtained in logistic analysis were determined using the quasi-Newton method. Results at the level of p < 0.05 were assumed to be statistically significant.
Results
No significant differences in parameters of lipid metabolism, blood pressure or cigarette smoking were observed between the group with essential hypertension with left ventricular diastolic dysfunction and the group with essential hypertension without left ventricular diastolic dysfunction (Table II) .
In echocardiographic examination group I demonstrated significantly higher values of LVM and LVMI as compared to those in group II. Studied groups manifested no significant differences in mean values of LVEDD, LVESD, IVSEDD, PWEDD and LA. Simultaneously, no significant differences between the studied groups were found in LVEF. With respect to left ventricular diastolic function, in group I mean values of IVRT and E/E' were statistically significantly higher than in group II, whereas mean values of E/A and E' were signif- icantly lower. The studied groups manifested no significant differences between mean values of DT (Table III) . In the group suffering from essential hypertension with left ventricular diastolic dysfunction mean plasma ADMA concentration was significantly higher and the ratio of arginine to ADMA was significantly lower than in patients with essential hypertension without left ventricular diastolic dysfunction. No significant differences were detected between mean concentrations of SDMA and arginine or in arginine/SDMA ratios in studied groups (Table IV) . Comparative analysis of mean arginine concentrations and concentrations of its dimethyl derivatives between the subgroups distinguished on the basis of left ventricular diastolic dysfunction demonstrated that in groups of essential hypertension with impaired LV relaxation, with pseudonormalisation of LV filling and with restrictive filling pattern, mean plasma ADMA concentrations were significantly higher and the ratio of arginine to ADMA was significantly lower than in patients with essential hypertension without left ventricular diastolic dysfunction. In the group with essential hypertension with restrictive filling pattern mean plasma concentration of ADMA was significantly higher than in patients with essential hypertension with impaired LV relaxation. In the group with essential hypertension with restrictive filling pattern mean plasma concentration of arginine was significantly lower than in patients with essential hypertension without left ventricular diastolic dysfunction. The distinguished subgroups demonstrated no significant differences between mean concentrations of SDMA or arginine/SDMA ratio (Table V) . In logistic regression analysis conducted in a hierarchical manner taking into account principal anthropological parameters (age, BMI, gender), mean blood pressure (mBP; mBP = diastolic blood pressure + 1/3 (systolic blood pressurediastolic blood pressure)), LDL cholesterol, LVMI, concentration of arginine and its dimethyl derivatives (ADMA, SDMA) the following model was obtained: logit left ventricular diastolic dysfunction = - 13 
DT -Deceleration time of E velocity, E/A -maximal early diastolic mitral flow velocity/maximal late diastolic mitral flow velocity, E' -early diastolic mitral annular velocity, E/E' -maximal early diastolic mitral flow velocity/early diastolic mitral annular velocity, IVRTisovolumetric relaxation time, IVSEDD -interventricular septum end-diastolic diameter, LA -left atrium diameter, LVEDD -left ventricular end-diastolic diameter, LVEF -left ventricular ejection fraction, LVESD -left ventricular end-systolic diameter, LVM -left ventricular mass, LVMI -left ventricular mass index, PWEDD -posterior wall end-diastolic diameter.
Discussion
Endogenous methyl arginines represent products of catabolism in arginine-containing proteins. Arginine residues in proteins undergo methylation under the effect of protein N-methyltransferases (PRMTs) [15] . Various types of protein methyltransferases are known. They differ between each other in their substrate specificity and in products. Action of PRMT I results in formation of ADMA and N-monomethylarginine (MMA). PRMT II and probably also PRMT VII catalyses the formation of symmetric SDMA and MMA [16] . The physiological plasma arginine concentration level is around 50 µmol/l (ranging in various studies between 40 and 84 µmol/l), while plasma ADMA concentration is around 1 µmol/l (ranging from 0.4 to 1.3 µmol/l), and plasma SDMA concentration is around 0.7 µmol/l (ranging from 0.5 to 0.8 µmol/l [17] [18] [19] [20] [21] [22] . Results obtained in this study for the group of patients with essential hypertension did not differ much from such standard values. Asymmetric dimethylarginine represents an endogenous inhibitor of endothelial nitric oxide synthase (eNOS) [10] . An increased plasma ADMA concentration leads to impoverished diastolic function of endothelium due to inhibition of eNOS activity. SDMA manifests no ability to inhibit activity of nitrogen oxide synthase [18] . Asymmetric dimethylarginine inhibits in vitro the endothelium-dependent, acetylcholine-induced relaxation of arterial rings [10] . Moreover, it elevates the level of oxidative stress in endothelial cells. First of all, ADMA increases generation of the superoxide anion radical by endothelial cells [23] . The above molecular mechanisms stimulated by the elevated ADMA concentration produce negative alterations in the circulatory system. Therefore, ADMA is considered to represent a significant risk factor for heart diseases [24] . To date, elevated serum concentration of asymmetric dimethylarginine has been detected in several cardiovascular diseases. In patients with atherosclerosis of lower extremity arteries, ADMA concentration correlated with severity of the disease, measured by the distance of intermittent claudication [25] . In the extensive multi-centre CARDIAC (Coronary Artery Risk Determination Investigating the Influence of ADMA Concentration) trials, blood ADMA concentration was proven to grow with the increase in the number of classical risk factors for coronary artery disease. Increase in blood ADMA concentration by 1 µmol/l resulted in a double-fold risk for manifestation of coronary disease [26] . Reports are also available on elevated levels of asymmetric dimethylarginine in heart failure and, even if the precise role of ADMA in pathophysiology of the diseases has not yet been clarified, it is suggested to affect heart rhythm and systolic function of the left ventricle [27] . ADMA is recognised to be an independent risk factor of cardiovascular incidence in patients undergoing percutaneous coronary angioplasty [28] . Moreover, blood ADMA concentration was increased in hypercholesterolaemia [17] , hyperhomocysteinaemia [29, 30] , in children with congenital heart disease and pulmonary hypertension [31] and in patients with dementia in the course of cerebral diseases of vascular origin [32, 33] . Elevated blood ADMA concentration was noted also in persons with arterial hypertension, both adults and children [34, 35] . Vallance et al. in 1992 found that in patients with chronic renal insufficiency arterial hypertension developed significantly more frequently in individuals with elevated blood ADMA concentrations [22] .
In such a situation, the relationship between manifestation of essential hypertension complications and plasma ADMA concentration seems interesting. In studies performed so far the relation was poorly recognised. In preliminary investigations the authors of such reports demonstrated that in a randomly selected group of a village population echocardiographic parameters of left ventricular diastolic function correlated with plasma ADMA concentration [36] . In this context, we decided to evaluate the relationship between plasma ADMA concentration and manifestation of left ventricular diastolic dysfunction and its echocardiographic types in patients with essential hypertension diagnosed within the last 5 years. Moreover, we attempted to define independent risk factors of left ventricular diastolic dysfunction development in patients with essential hypertension. Eventually, a defined research group and the control group were selected using criteria listed in the Material and methods. Left ventricular diastolic function was evaluated in line with the current recommendations of cardiological societies, using the suggested method of tissue Doppler imaging. Concentration of endogenous methylarginines was estimated using the generally recognised technique of high-performance liquid chromatography. In our opinion, application of such an approach allowed us to obtain reliable results and to perform an objective analysis.
Analysis of the results obtained in this study confirmed the relationship between plasma ADMA concentration and manifestation of left ventricular diastolic dysfunction in patients with essential hypertension diagnosed within the last 5 years. In the group with essential hypertension with left ventricular diastolic dysfunction, mean plasma ADMA concentration was significantly higher and the ratio of arginine to ADMA was significantly lower than in patients with essential hypertension without left ventricular diastolic dysfunction. On the other hand, no significant differences were observed between mean concentrations of SDMA and arginine and between arginine/SDMA ratios in the studied groups, which seems to exclude a potential relationship between concentrations of the remaining endogenous arginine derivatives and development of left ventricular diastolic dysfunction in patients with essential hypertension diagnosed within the last 5 years. The documented relationships seem to be confirmed by regression analysis. Moreover, the regression analysis allowed us to define independent risk factors of developing left ventricular diastolic dysfunction in the studied group of individuals. The obtained model of logistic regression indicates that the independent risk factors of developing left ventricular diastolic dysfunction in the group of individuals with essential hypertension diagnosed within the last 5 years include higher plasma ADMA con-centrations, higher serum LDL concentrations, higher values of body mass index, higher values of left ventricular mass index and higher values of mean blood pressure. Interpretation of odds ratio values showed that in the group of patients with essential hypertension diagnosed within the last 5 years, an increase in plasma ADMA concentrations by 1 µmol/l increases 1.7-fold the probability of left ventricular diastolic dysfunction. Moreover, this study has demonstrated a relationship between plasma ADMA concentration and manifestation of echocardiographic left ventricular diastolic dysfunction types in the group of patients with essential hypertension diagnosed within the last 5 years. In groups with essential hypertension with impaired LV relaxation, with pseudonormalisation of LV filling and with restrictive filling pattern, mean plasma ADMA concentration was found to be significantly higher and the ratio of arginine to ADMA was significantly lower than in patients with essential hypertension without left ventricular diastolic dysfunction. In the group with essential hypertension with restrictive filling pattern, mean plasma concentration of ADMA was significantly higher than in patients with essential hypertension with impaired LV relaxation. In the group with essential hypertension with restrictive filling pattern, mean plasma concentration of arginine was significantly higher than in patients with essential hypertension without left ventricular diastolic dysfunction. In general, it might be accepted that the left ventricular diastolic dysfunction types with a less favourable prognosis are characterized by higher plasma ADMA concentrations as compared to types of benign left ventricular diastolic dysfunction.
Several limitations of the current study must be acknowledged. Control blood pressure measurements might have been performed using 24-hour ambulatory blood pressure monitoring (ABPM) as it was shown that ABPM better estimates the arterial hypertension-linked risk than classical blood pressure measurements in a doctor's office. Due to the limited number of subjects, the authors decided to include smokers in the study. Exclusion of them would increase the reliability of the study. Finally, the findings of this study need to be replicated in older patients.
In conclusion, the results of this study showed that plasma ADMA concentration may be of prognostic value in relation to manifestation of left ventricular diastolic dysfunction in patients with essential hypertension diagnosed within the last 5 years. It seems possible that in the future plasma ADMA concentration might serve as a diagnostically available marker of left ventricular diastolic dysfunction. For this purpose, however, a simpler technique should be available for estimation of arginine and methylated derivative concentrations. The solution seems to be provided by the immunoenzymatic technique of estimating plasma ADMA concentration suggested by Schulze et al. [37] .
In the group of patients with essential hypertension diagnosed within the last 5 years accompanied by left ventricular diastolic dysfunction, significantly higher mean values of plasma ADMA concentration were observed, as compared to the group of patients with essential hypertension diagnosed within the last 5 years without left ventricular diastolic dysfunction. The higher plasma ADMA concentrations, higher serum LDL concentrations, higher values of body mass index, higher values of left ventricular mass index and higher values of mean blood pressure represent independent risk factors of left ventricular diastolic dysfunction in the group of patients with essential hypertension diagnosed within the last 5 years.
